Corey Balint, holds both a BS and MS in Industrial Engineering from Northeastern University and currently is a staff healthcare system engineer in the HSyE institute. Current responsibilities include: serving as day-to-day project manager of our AHRQ patient safety center, leading a portfolio of roughly 10 projects at any time, and assisting with senior team projects. Balint has expertise in quality, medical staff services, change management, Lean, Six Sigma, and other performance improvement methodologies and has extensive experience working with numerous healthcare organizations and culture. This report to President Obama recommends that, aggressive mechanisms must be developed in order to rapidly increase the visibility and application, of systems engineering in healthcare and in tandem increase the demand for an experienced workforce. As healthcare begins to transition towards modernized systems engineering methods that are used in manufacturing and in agriculture, academic and applied programs are necessary in order to fulfill the demand. This paper describes an experiential learning program which trains students in the methods and applications of healthcare systems engineering. Additionally this paper will verify that the programs under this model are scalable and are easily replicated nationwide.
Introduction
From the co-chairs of the President ' This report to President Obama recommends that, aggressive mechanisms must be developed in order to rapidly increase the visibility and application, of systems engineering in healthcare and in tandem increase the demand for an experienced workforce. As healthcare begins to transition towards modernized systems engineering methods that are used in manufacturing and in agriculture, academic and applied programs are necessary in order to fulfill the demand. This paper describes an experiential learning program which trains students in the methods and applications of healthcare systems engineering. Additionally this paper will verify that the programs under this model are scalable and are easily replicated nationwide.
Background

History of Industrial and Systems Engineering (ISyE) in Healthcare
Although ISyE was lauded in the 2014 PCAST report, engineers worked for many decades to improve the healthcare system and establish a long term partnership with healthcare providers. In the 1980's Donald Berwick, former President and CEO of the Institute for Healthcare Improvement (IHI), espoused that continuous improvement is a necessary solution to the ongoing problems in healthcare 2 . During that decade, healthcare professionals observed an increasing amount of inefficiencies in the system which reinforced complexity and contributed to increasing costs. Two methods of improvement dominated the healthcare industry: 1) inspection and correction of problems and 2) continuous improvement. Inspection, as Berwick described, is the "Theory of Bad Apples" meaning "quality is best achieved by discovering bad apples and removing them from the lot." Berwick disagreed with this theory:
Page 26. Manufacturing industries in Japan have been using the Continuous Improvement mentality in their production for decades. Much of the work we as systems engineers do, has been vastly influenced by Toyota and "The Toyota Way" 4 . We now need to take that mentality from the manufacturing floor and put it on the hospital floor.
Affiliation and Funding
Directed by MIE faculty James Benneyan, the Healthcare Systems Engineering Institute (HSyE) is a university-wide institute focused on broadly impacting healthcare through the integration of research, application, and education in systems engineering methods. The HSyE Institute houses 3 federally-awarded healthcare IE centers, coop and summer internship programs, and a post-doctoral development program, with $27 million to-date in funding from the National Science Foundation, Center for Medicare and Medicaid, National Institutes for Health, Veterans Health Administration, and Agency for Healthcare Research and Quality.
Supported by a new $8 million Health Care Innovation Award (HCIA) from the CMS Center for Medicare and Medicaid Innovation, HSEC's mission is to develop a scalable regional healthcare systems engineering extension center that measurably impacts the "triple aim" of better care, better health, and lower costs through application and workforce development in healthcare systems engineering. Led by Principal Investigator Dr. James Benneyan, the HCIA grant funds the first phase of a 10-year project to establish a national network of healthcare systems engineering regional extension centers across the U.S. The overall goal is to demonstrate the potential impact and viability of replicating this initiative on a national scale, to-date conducting projects with projected $24.5m 3-year savings.
Structure of Center External
The Healthcare System Engineering Institute operates out of Northeastern University in Boston. Both center and university have a significant joint interest in applying academic research to the common issues in various industries and developing solutions that are applied in diverse settings, including hospitals, labs, or a manufacturing plant. Northeastern has also developed a world class placement program that attracts a flourishing pipeline of students who learn valuable skills by working in a number of industries. Being located in Boston has helped Page 26.492.3
develop the program rapidly, as there are many prominent healthcare institutions in close proximity.
Below is the basic structure of the center and its partners. The center unifies the academic and healthcare communities in their problem solving venture and it develops solutions using research and expertise in ISyE methods and implements them in the healthcare industry. The institute's work started by developing relationships with the healthcare providers in local hospitals. Staff and students would travel, physically or virtually, to the system to discuss ongoing problems. Staff and students, from both the center and hospital, are paired together to come up with implementable solutions. This project method allows for ISyEs to develop a stronger knowledge of healthcare and its problems, while also allowing for the healthcare employee to develop a stronger understanding of ISyE methods and relevant applications for it.
The importance of integrating ISyE with healthcare providers cannot be overstated. When projects are completed, healthcare providers receive insight into the complexities of their hospital and begin to observe a correlation of systematic issues in similar forms. Internally, the healthcare system can apply the information and toolsets that were provided in order to sustain the improvement and to focus on similar issues in the hospital. The benefit, whether it be focused on cost, care, or health, becomes exponential.
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Most important, the students observe the functions of a health system or hospital in real time and explore the trends that contribute to higher costs, ineffective care, and inefficient processes. Upon their graduation from the program, they have skills and expertise to bring elsewhere. Consequently, we achieve several of our goals for the grant of spreading awareness of ISyE methods and creating an experienced workforce While work was centrally focused on the hospitals within the home city, projects have expanded to a diverse group of healthcare centers in approximately seven cities. Below is a table of health systems that were our partners throughout the grant. The various types of systems allow for the center to develop and test robust solutions to common problems like hospital acquired infections and readmissions. 
Internal
The key structure of the workforce is composed of graduate students, undergraduate coops or interns, and post-doc mentors who work in teams with faculty, medical professionals, and hospital administrators. These teams work together during the six to nine month project lifecycles, each member having slightly different roles. As an example, one team in the center is the following: staff engineer trained in ISyE, graduate student with an economics degree, an undergraduate biomedical engineer, and a staff member with a communications degree. The staff member helps with project management, the staff engineer leads the team technically, the graduate student develops the tools needed, and the undergraduate students gather data and help test the tool. Many of these students, especially our interns and co-ops, work on their projects remotely after they return to their university of origin.
The Healthcare Systems Engineering institute is an academically founded program. The academic mentality resonates through the entire structure of the program and all of the work that is done as each team working on a project is from a multidisciplinary background. The workforce is comprised of an assortment of employees: professors, graduate students (coops, interns, research assistants), undergraduate students (co-ops, interns, part-time students, work studies, research assistants, capstone, independent studies), engineers (MS and BS in ISyE), physicians (we call them 'clinicians in residence'), and an assortment of other staff (administrative, reporting, communications and events). The academic background of the center is very diverse, ranging from ISyEs and biomedical engineers to MD students and retired clinicians.
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While students are working on more than one project at a time, they are able to see different types of healthcare systems and problems. The employees within each system have vast differences as well, each of which have their own way of approaching and solving problems. While doctors and nurses may need to keep more of a focus on the individual patients, data analysts and MHAs may need to have a greater focus on what is going on at the whole system level. These two distinct methods of thought help students develop a greater appreciation and knowledge of decision making.
Involvement in the Program
As mentioned above there are numerous facets within the center that engender student participation. These methods include: summer internships, co-ops, research, independent studies, and capstone projects. At our center, experiential education is divided into two programs: summer internship and co-ops. The summer internship program includes spring preparation, a summer cohort experience working on several applied and research problems, and fall reflection and dissemination activities. The co-op program includes full six month immersion into an academic center focused on application of researched problems. In the summer of 2014, the center had 10 undergraduate co-ops, 26 interns (out of 250+ applicants), and 19 graduate students actively working on projects, each with typically 2-4 projects per student.
The center also participates in the formal educational model. Students can reach out to work on independent studies and research projects. They vary greatly depending upon the interest of the student, but they all fall within healthcare improvement. The center also runs capstone/senior design projects which are intended to reflect what students have learned through coursework and any other experiential education, by giving them an open ended problem and allowing them to solve it. Students receive a grade for their work in the capstone program, with projects that are shorter in duration for the purpose of easier and faster implementation.
Below, in Table 1 , is a description of some of the most common problems we have worked on. These problems now all have a standard approach that we have implemented for ease of students and healthcare workers. The ability to port solutions from system to system saves hundreds of hours of work for all involved.
Emerging high impact areas
Focus
Approach(es) 
Results
One of the center's major aims was to track the number of employees, both internal and external, that have been trained in ISyE or healthcare methods. The figures below show the progress on the goals. Aim is a framework developed by the Institute for Healthcare Improvement that describes an approach to optimizing health system performance. It is IHI's belief that new designs must be developed to simultaneously pursue three dimensions, which we call the "Triple Aim"" 5 The Triple Aim is used as the measures of success for improvement projects in healthcare.
Conclusion
Over the past two years, participants included 109 industrial engineering, human factors, MPH, bioengineering, statistics, and medical students from 14 states and 4 countries, most working in healthcare for their first time. Evaluations of the program by student and health system participants have been very positive, including experience working with health systems, learning how IE applies to health care, academic advising and career support, and opportunities to build technical, communication, and teamwork skills. All participants summarize their experiences, what they gained from the program, and how it has affected their career and academic directions.
Programs like this need to be developed and nurtured quickly. As Gary Kaplan, et al stated "...[systems engineering] approaches remain generally underutilized in the health system, and their potential for improvement remains largely untapped." 6 The ability for students to have interactive experiences in an interdisciplinary field will help foster an understanding of the problems on both a large and small scale. This should only motivate more students to go into this field. If these students can be exposed to ISyE in a healthcare setting our national issues may become our strengths.
"I gained more knowledge in healthcare and use of Industrial Engineering tools, including simulation and Arena. I gained better communication and presentation skills. Mentoring, InServices, and IHI Open School are very useful." "This program was a great introduction to the use of IE tools in healthcare! I learned effective communications methods (teamwork internally and with collaborators at health systems), background on health policy, and insight on the flaws of the current US healthcare system. With no previous exposure to IE techniques, I not only learned technical methods, but I also discovered a new way of thinking. I made many valuable connections and learned to fully appreciate diverse teams." "As a medical student, this was an eye-opening experience for me. I had the chance to learn how to mesh the medical world's focus on the individual patient with a systems level look at healthcare. I enjoyed the exposure to engineering principles. Undoubtedly, I will come back to these principles in my career, and I look forward to working with systems engineers again." "Compared to last year, I learned much more of the technical tools behind healthcare systems engineering, particularly when it comes to simulation." "I learned a lot about the current state of the US healthcare system and how industrial engineering-related applications are being used to help improve healthcare delivery. Coming from a biomedical engineering background, I learned a lot about IE techniques themselves, and how greatly they can impact healthcare. I also learned that, even if a change to a system seems simple conduct, it could take a long time to implement at a health system, especially if it's a large hospital network. It's important to get hospital staff feedback, otherwise a new process may not be sustainable. This experience was a positive one for me, and it has confirmed my continued interest in working in process improvement in healthcare." "Throughout this internship, I learned how important and valuable interdisciplinary teams are. Working with different people from different universities, different points in academic career, and different majors has definitely been an eye-opening and insightful experience. I learned that as engineers, not only are technical skills valuable, but the communication of what we know to non-engineers are even more significant in the success and progress of projects. I'm also glad that I got exposed to a lot more of how healthcare systems work in first-hand and just how difficult it is to implement triple aim is in projects but also how important it is to be mindful and strive towards it as well. While I still consider myself an amateur, I was glad that I got a chance to improve my MATLAB skills and was reminded again how important coding/programming was for engineers and intend to take a course on MATLAB. I've learned that there are many ways to improve health systems and impact and make a difference without high level academic background. I also was able to learn that not all data is useful and how important it is to plan ahead of time on what types of data to be collecting and how to analyze data without falling into the temptation of shaping the results of what we want it to be." "This summer has been a great experience for me in multiple ways. First of all, I got to explore the beautiful city of Boston and make new friends. I got to have hands on experience in a hospital that I have been seeking and it was very educational. While CHA did take up a lot of my summer, the things I learned through the project were very beneficial. It gave me a chance to make large gains in my interpersonal skills in a workplace environment. I enjoyed being the "lead" of part of a project; it made me feel like I was actively making a difference. I also added to my technological skills in a major way -Excel VBA, Python, and Process Simulator were all programs that I got to spend time learning. IHI Open School was also an Page 26.492.15 enlightening experience and very interesting. The biggest takeaway I received from this program was simply learning about a healthcare systems engineer's experience. I came into this summer hoping it would help me decide which direction to go after graduation. I'm still a little uncertain, but I received kind mentoring on both how to continue in the healthcare systems engineering field, and how to pursue my other interest field of rehabilitation engineering. I hope to apply to some healthcare systems consulting companies in the fall/spring. This program greatly benefited me in that way; I feel confident that I can speak about my experience and be a competitive applicant. This internship helped me determine a post-graduation plan and I am so grateful for that." "This internship pushed me to look at the bigger picture in healthcare systems. I learned the importance of clear and goal based communication, with healthcare professionals. They understand the system while Engineers can narrow down a problem, define the scope and open up new avenues of thought for healthcare professionals. This is why collaborations between them is essential for improvements in our healthcare systems. I've learned that hospitals are slow to change and have also learned quite a bit about how the American health system is organized (especially through in-services). As I continue my career as a medical student, I hope to look at the bigger picture of health systems so that our patients don't fall through the cracks -so they receive the care they deserve. This internship has solidified my view that healthcare is a right and it is possible to make that a reality in the U.S." "The summer internship gave me a lot of opportunities to learn engineering applications in healthcare and also how healthcare systems run today and how much we can improve it. I expanded my knowledge in an umbrella of concepts, and not only in engineering ones. I know a lot more about the triple aim, patient safety, and process improvement, and how to communicate better with non-engineering people. I feel that this opportunity expanded my knowledge not only in healthcare, but also in how to apply engineering tools and concepts to any real problem. I can also say that now I have a different mindset to approach problems and this experience will be a big differential for my career when I go back to Brazil."
